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ABSTRACT 


peace lston model as formulated for the planning of pro- 
mueunron for a large centrally managed governmental agency 
foeeremuicti=-production facilities. The concepts of linear 
economics and mathematical programming are utilized to 
develop the model as a single-period planning tool for the 
6tticient allocation of resources and production effort, 
It is assumed that the governmental agency desires to 
eouimze the conversion of its input resources to outputs 
Pare its Production facilities. Under this assumption, 
the two separate problems of effectiveness maximization and 
SOcteminimization for the agency as a whole BPOnC ONC enone 
The questionsof data collection, parameter estimation, and 
management utilization of the model are also addressed. A 
eect the formulation Of the model is presented for the 


decision problem of the maintenance and overhaul of the 


major end items of equipment within the logistical system 


Si sthe Marine Corps. 
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iNT RODUCT LON 


it is the purpose of this thesis to study one particular 
type of decision problem for the efficient allocation of 
resources available to government. The problem selected 
mor consideration is that of the apportionment of production 
resources for a governmental agency which has multi- 
meeouction facilities. Production in the context of this 
meper Will conote either actual manufacturing or maintenance 
end repair. 

Peeawerron planning and control of the firm has in 
meeent years, been subjected to careful examination using 
mertenciftic methods. As a result, any industrial concern 
mmren desires to be competitive must be on a continuing 
eeorch Lor better methods to allocate the resources at its 
disposal. This seeking of the best or "optimal" allocation 
of resources has in many cases been achieved by the appli- 
cation of Operations Research methods in concert with sound 
meoromr1e principles. Facilities planning, job scheduling. 
Pace invenvtory comctrol are just a few of the items which 
have come under close scrutiny by competitive industry. 

Di@MPo unto Same period, Government at ali levels has 
been faced with many of these same operational and planning 
Dbroblems. The allocation of the nation's resources to 
national defense is an example of where these problems appear 


with a high degree of regularity. Regrettable many of the 





feeeods Of scientific ERR CMEIME EWe@meCeoclsonone Maxi, SO 
memmon in the competetive environment, have not been fully 
MmenZzed Within g@overnmental activities. Hence, this paper 
mecoevOolred to the consideration of a specific type of 
resource allocation problem for governmental agencies. 

Consider now a hypothetical governmental agency which 
is centrally managed from some general headquarters. The 
Meera l) mission of this agency is to provide, by purchase or 
maeemeptOn, a certain category of physical items. This 
Mession is carried out by the agency at a number of produc- 
mmon facilities or by purchasing the items. It will be 
assumed that at the agency headquarters there are the normal 
meetit responsibilities such as the engineering function and 
emeomecomouroller function, and that there are sufficient data 
Mmrocessing capabilities to carry out the requisite planning 
meee Organization. Production planning is the respon- 
Biibility of the central headquarters and planning informa- 
miron is disseminated to the production sites of the agency 
mor some fixed planning period. This could be quarterly, 
Pemi-oannually, or annually. Taken in this context, planning 
is primarily concerned with determining the mix of manu- 
factured or repaired items which are the outputs of the 
wemreus production facilities of the agency. 

The production sites are a set of governmental require- 
ments tacilities whose purpose is to output the requirements 
as levied on them by the central headquarters. Each of 


these facilities is assumed to have the same basic production 
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Eapabsiitiaes in so far as types of items produced is con- 
cerned. That is to say that they have roughly the same 
meremnelorical ability, labor skills, production equipment, 
and availability of input materials. However, due to vary- 
ing cost of labor and materials and in consideration of the 
various processes which might be used to produce the same 
momoonent, the cost of production of a particular component 
would not necessarily be the same at each of the requirements 
maciilacties. 

It would be expected that each of the requirements 
facilities would have a rather standard organizational 
memuetbure. This could consist of a production force includ- 
ing all the necessary labor skills for producing the various 
meems required, an engineering staff including plant- 
engineering and maintenance, and a management information 
Beoupn Lhe latter Broup would include The normal comptroller 
PemecLCiIOnsS plus sufficient data processing capability to 
Provide the central headquarters with the necessary raw data 
for its planning purposes. A facility superintendent with 
his own personnel staff would manage each of these production 
facilities and would report directly to the central head- 
quarters. Although the superintendent would be responsible 
for procedures, methods, and personnel athis facility, he 
would receive instructions as to the type and quantity of items 
to be produced from the central headquarters. Generally 
then, the facility manager would control production, but pro- 
duction planning would be accomplished by the central 


headquarters, 


deel 





It will be presumed that for a given planning period 
mies phiysical production capabilities of each of the facil- 
M@utes are fixed; therefore, the agency's capabilities cannot 
bey increased. Obviously capital Investment could expand 
mmes production facilities over a period Of tame, but for 2a 
given planning increment they will be considered fixed. 

This implies that any expansion in production above that 
which could be accomplished on a regular time basis must 
memenabpout by the utilization of overtime. Additionally, 
ao Will be assumed that the various production facilities 
will experience no great technological advance during a 
meecitiec planning period. Hence, none of the production 
equipment or methods would become outmoded during the 
planning period. 

The central headquarters has a policy of awarding a 
meectii1c production requirement to that facility from which 
Ae) acency as a whole derives the greatest benefit or advan- 
tage. This implies that each of the requirements facilities 
are competing with each other for the production of The 
several items which might be produced for a given planning 
period. Finally, the central headquarters would consider 
the use of production sources outside its own facilities if 
mee found this alternative beneficial to the agency as a 
whole. 

Based on the above description of the situation, the 
decision problem facing the governmental agency may be for- 


malized in the following manner. How can the agency best 


ie 





meocace tne production resources at its disposal, both 
bese atl 10s own facilities and others which the agency 
might purchase, so that it could place itself in the most 
favorable position possible? 

Petrestbine purposes of this paper, the decision problem 
meet be separated into two distinct and all encompassing 
Situations. First, the agency might desire to maximize 
Perce tviveness for a given set of resource inputs. In this 
fase, 1% would be the goal of the central headquarters to 
wecermine what mix of products to produce, and where to 
Mmeeemce them so as tO maximize effectiveness. Secondly, the 
meemcy could find itself in the position of wanting to 
Mmaenamize cost for a given set of outputs or items to be 
produced. This would be the situation when the agency has 
firm commitments to produce so many items of various types 
meme ven planning period. Under these conditions, the 
manners for the agency would like to distribute the pro- 
duction requirements among the several production facili- 
ties in such a manner that BOUCmeOmoOducul1On CcOstes would be 
minimized, 

RhewMew<e schapver will present a set of mathematical 
models which lend themselves to providing solutions to the 
two decision problems just posed. Subsequently, a chapter 
will be presented on model parameter estimation techniques 
and incorporation of the model into management information 
and decision making Bee eis, This chapter will also discuss 


Pearacteristic applications of this decision system, 


ns 





maetuding Capital investment questions. A succeeding 
meeooer will be devoted to the development of a decision 
model for a specific real world management problem of the 


general type described above. 
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II, MODEL FORMULATION 


A. BASIC CONSIDERATIONS 

the introduction has presented a general framework of 
m@ewsibuatlon. From this scenario, specific elements of 
interest in relation to the model may now be presented. On 
the broadest demand plane, the agency will have requirements 
fer m products. There will be L product sources available 
TO Supply these n products. The agency has at its disposal 
r production facilities in-house which produce the needed 
commodities. Additionally, the agency has access to L-r 
Sener product sources, outside the agency, from which ibe 
Meee purchase the items required. Therefore, the model 
mermulated should be able to consider both sets of sources. 

mame achmor the agency's production facilities, there 
are certain scarce resources such as labor, material, and 
mechine tools. It is the intent of the agency to convert 
these input resources by the most efficient means possible 
mabe OULpUL products. There are various production activ- 
jmres at each of the facilities to carry out this conversion. 
These activities consist of specific technological processes 
Woieh transform the scarce resources into the required out- 
Puts. 

As related previously, the agency seeks its efficiency 
objectives by two methods, minimization of cost and maximi- 
zation of effectiveness. Hence, any formulation must be 


able to handle both of these cases. Although there are a 
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number of mathematical programming procedures that might 
mee, Deen chosen to depict the above situation, linear 
programming was chosen as the technique best modeling the 
Pmeoolem., oecondarily, it was felt that linear programming 
had the inherent adaptability and flexibility to incorporate 
variations in the decision situation as they might occur. 
The general linear programming problem can be stated as 
maximize: oe pUbjeOtUsuOunA KN sewhere X represents a 
vector of decision variables (the production outputs), ec 
represents a vector of measures of effectiveness, one for 
mee OuLDUL, R represents a vector of resource inputs, and 
A represents a matrix of technological coefficients. Cer- 
tain adaptations of this basic model will be used in this 


Baper to convert it to a cost minimization problem. 


B. ASSUMPTIONS 

wie formulation of the decision model will be based on 
the following broad assumptions: 

imemiinavethne hypothetical agency desires to maximize 
its total measure of effectiveness, or minimize its total 
Cost. The implication being that the separate production 
facilities will not optimize singularly but the agency as 
a whole will seek to optimize its production planning 
program, 

2. That a measure of effectiveness (MOE) can be defined 


fmoemethe production of each product at the several facilities. 
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liter miomproaductlon processes at each facility are 
feocwly adentatiable and divide the total production effort 
meena Set Of mutually exclusive and exhaustive activities. 

4, That the agency is centrally planned and can control 
Miers tO be produced at each of the facilities for a given 
Planning period. 

wee onev whe planning period is fixed for a specific 
analysis procedure. 

6. That the objective functions and constraints of 
the mathematical program are linear functions. This 
requires that the MOE's and the usage of resources be pro- 
portional to the level at which each individual production 
process or activity is operated. 

fame inaue bine vocal MOE for all production facilities, 
which results from the collective operation of the activi- 
ties, equals the sum of the individual MOE's from each 
Beulvity at all facilities, when they are operated on an 
madiVidual basis. 

8. That the total usage for any given resource at each 
imatyidual facility equals the sum of the quantities consumed 
by each production activity being operated for that partic- 
ular resource. | 

Cae Lica ene sanouLecoeriicients to the model are known 
parameters. Obviously this is a strong assumption and 
methods of parameter estimation by means of expected values 


will be covered later in the paper. 


wif 
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As the paper proceeds, additional assumptions will be 


presented as required. 


fee EROCESS VECTORS 

itmeis now necessary to Gefine the concept of a process 
fmeemor. Ihnis is a column vector which identifies the inputs 
pm@OULDULS for each production activity at every one of 
Meier aciliities. There will be nxr of these vectors. 
immerent in the formulation of this vector is the assumption 
mae Cransportation costs between the facilities are infinite 
meer une production of a specific item has begun. In other 
[eee the process vector insures that once production is 
Peerted on an item at a specified facility, it will remain 
Mieco Until completion of production. However, this concept 
Meeoa Incorporate the ability for trade-off among the several 
Pieerney production processes for the same resulting output. 

As an example of a process vector, consider the general 
oe Or ene production activity which produces the 48 
meoeduct at the pus faei lity. A schematic representation of 
Bhis process vector is presented in Figure 1. Normally the 
iapuvs to the process are referred to as technological 
coefficients. These vector components are known parameters 
for the model and represent the resource inputs required to 
eeepuLl one unit of the ae PeoOcuet. 

In this general case, the output 1 will appear in the 


a row and the set of technological coefficients for the 


Th 


process will appear in the k Pecte on.) If required, 
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Batveore es. The Process Vector 


vectors of this type can logically be developed for the L-r 


production facilities outside the agency itself. To simp- 


lify notation, the vector will be represented by ia a 


column vector where j represents the product number and k 


igepr-esents the facility number. 
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me ©6CONSTRAINTS 

ie the formulation of the model, it is required that 
constraints be developed which will insure that resource 
Meo cavion for the various production activities does not 
fmeeeoO available resource quantities. It is the purpose of 
mmtomsoecchlon CO Enumerate the constraint related quantities 
mcmevO indicate in a general sense their logical place in 
mmemmoagel., As discussed above, the model concerns itself 
mms product Sources. The agencies production facilities 
m@ieemwune first r sources, while L-r are alternate sources 
engaged in the same type production effort. The particular 
moemeee Under consideration will be denoted as the ae where 
eet... Superscript on the variable or parameter 
memauestion will indicate the ya ERoguer sourece, 

iieuce resources to Che model are divided into two 
meperave and distinct categories; labor resources and other 
limited resources such as material, machine tool hours, and 
meemwletion facility capacity. Additionally, an overall 
budgetary restraint may be active in certain model formula- 


wrens. A specific labor resource is designated as the we 


Meenmbitves Waere 1 = 1,2,...,m. The constraint for the on 
Habor resource at the eee fie veeiee ty geal 
n 
(k) | Ck) (kK), 9(k) 
ries een ee 
j=l 
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e the amount of the i°” labor resource CC aie cict 


Mempmoamec one Unit of The ae CurpuUT . 


where 


40 


—eicumle vel or Operation of the ee Ber yao ye. 


= the number of units of the ae labor resource 


available on a regular time basis, 


7 = the number of units of the {eh labor resource 


available on an overtime basis. 


Mote B's Oe were Onsvanes. But nik) and 6%) may be 


constants or variables depending on the exact formulation of 
mae model. 

iMieessecond set of constraints for the model deal with 
miiievead resources Other than labor resources. There are s 


of these constraints and a specific one is designated as the 


22 tees it Lo Mt 2... ,M+S. The mee Constraint for 


the ue facility appears as 


dap (ke) phd) 


where qa bk) = the amount of the 4 oh limited resource other 


oe 


than labor required to produce one unit of 
the gue Cle Uses 


a (k) 


; = the amount of the yuh resource other than 


laporm avarlables poe the nm activities. 


qk) (k) 


ij are parameters but Re 


constant depending on problem formulation. 


As above the may be variable or 


One final constraint which should be enumerated at this 


point is the budgetary restraint. This restraint will be 


active when the agency is attempting to maximize its 


oA 





Serecviveness within a certain limited budget. The general 


restraint function is 


- i 1@ ieee 
(k) aid Ck} (Kk) 3 (k),(k) 
2 5 LPrt Pie ot “ti 7 aR, 
fet at as a a 
n 
kek) 
a » S x PD j 16 
k=rt+1 j=l 
Ce). ; 1B 
where Pat —MiomeonumOotsOne Unit of the ft regular time 
aber resource at the ee EVOL a al ON 
ie —Teioucocmeor One Unit of the i OVerrimMe Lanor 
me cSoMmece au thie eae SUG Weal 1k Riles 
psi) Seulemecosct Ol One Unit of the ge scarce 
Gesommecemouner than labor at the ee S.Ct Vat, 
aa =the purehase price of the gue item from the 
ie Piie@iate prOoGguce Source , 
B = total monetary amount of the budget. 
All pik). pik). pk). and p(k) are assumed to be known con- 
ingal eal i PA 


(x) ok) p(k) | 


stants. The variables of the restraint are Ns » OF, > R 


and :. All pertinent expenses to the agency have been 
included in the constraint. However, the observation should 
De Made that the relevant resource costs are the variable 
costs and do not include overhead expenses. Specifically 
sunk costs such as those associated with investments on 
eremine tools, should not be included. 


Sine recenstrainus will be introduced into the model as 


they are warranted for a specific formulation. 
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ae OBJECTIVE FUNCTIONS 

mieaccordance with the introduction, it is intended that 
the decision model handle both the case where the maximiza-— 
eon of effectiveness is the desired result and the situa- 
fon where minimization of cost is pursued. For this reason, 
two separate objective functions are developed. First, 
consideration will be given to the case where the objective 
is to minimize production and purchase costs for a given 
vector of outputs (X97 X5 506+ xX"). Cooter smc emte xt ds 
interpreted as the appropriate measure of the value of 


resource inputs and completed items purchased. This objec- 


mye function takes the form 


ig m 1 8) 49 pes: 
2= SY [rh n 0) 4 pol) 2 Spl R0 
k=] i=mtl 


k=] i=l 


L n 
=) uae AC) 


Ke— tale = 1 


where Z, the total cost to produce and/or purchase a 


given vector of outputs Ce 5 Se oe ee 
This function includes the same parameters as the left hand 
Pree Of the budgetary constraint set forth above. 

A second objective function is introduced to handle the 
Peeimization of effectiveness formulation. This function 
incorporates the concept that the total measure of effective- 
ness for the agency is equal to the summation of the effec- 


tiveness measures realized from operating the several 


a3 





meaicuiOn activities at specified levels. Mathematically 


erpaced this is 
L n 
r= DD oy 
k=1 j=l 


where 


Z = the overall net measure of effectiveness, 


increase in the overall effectiveness that 
results from each unit increase of the (Oe 


Sucbout. 


Seeertic points in relation to this function will be pre- 
sented subsequent to the formulation of the model associated 


Ween it. 


fee lH DECISION MODELS 

Using the functions and concepts developed above, the 
decision models may now be presented. The mathematical 
statement of the general linear programming model which 
seeks to minimize cost for a given vector of outputs 
aX, - >X>) ILS: 2 


Minimize: 


lt m 
S > [ra plea (Ky) 4 pO a] 
i oi ti 


k=1 i=1 
ie mts mx 
UO) SO an k : 
> >» Pa Ry a y x 
k=1 i=mtl k=rt+l j=l 
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Subject to 


~” 
x; 

“ 
x, 


x” 


J 


WO) 5 


Fs 


p(k) 
i 


ms , 


ok) 


) 
A +X, Via roe os sa 
ra Y” es io 


® 
* 


tL leek x? 


Melmmeeio lees. n, K=1,2,6. 
me a= 1.2, sm, k=1,2, 
aera. 4M, K=l1,2, 
Ose -Mtl mites... ,mts, k 


t 


Where for the k : 1b eveal Jalen 


ai) 


4) 
1 


a 


= the number of man 


for the 4th labor 


= the number of men 


resource, 


= the number of men 


labor resource. 


ao 


(r+f) 


¢£) 
Van + X, + “id + x, = ve 
+ yore Ps =X, 
w: 
yey eee = Xr 
¢/) 
a w*? + Ot) 
2a + Of, 
_,* 
eR, 
(r) 
SA mts 
wy ay (4) 
(re (r) 
Wy <= Wy 
rae lee 
ees 
oP 5 
ceil eiean ey ae ha ae 


ei none Oo lanhnine period 


units of labor per man 
resource, 


utilized for the on labor 


ee lentor thet. 





(k ) 


BOLN Os 


and ae 


are input parameters to this model. The 


PCM Cn Ck) (x) 


Semer parameters are Gi Pi? “od » Eo ea 


components of the process vectors allo and Hae 


she 


and the 


However, 


k) 


the RLM) 1 xs one 's and wens are considered to be 


mre aecision variables for this formulation. 

There are two items which should be noted in relation 
Memes Model, First, the substitution of at) wok has 
(k) 


been made for N; MmetLiemecemotrainine functions. This was 


done to allow 400 to be a variable in the program while 


(k) (k) 


eel) providing for an upper bound on Ws with *Wa 
Secondly, it is assumed that pO) 5 pO, ins Cua Ee seOst of 


labor on an overtime basis is greater than the cost of 
dabor on a regular time basis. This mathematically insures 
Meee no overtime labor will be utilized until all regular 
meme labor is consumed. 

The second deciston model formulated will be that of 
the maximization of effectiveness for either a variable or 
fixed set of resource inputs. In this case, a vector of 
meource inputs may be specified or they may be considered 
GO be decision variables, which will be determined by the 
program. Mathematically stated, this maximization of 


effectiveness model is 


Maximize: 


L n 
> Lo 


k=1 j=1 
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pupj,ect to 


1 So iaets: 


r m 
p{k) « Coe (k) —— aN (k) tae 
5 > P pi 4 WCU 2 > = 
k=] i=1 =1 t=mtl 
L n 
x 6K) p(k) 
+> 2% Pps <8 
k=rt+l j=l 
(/) *) (r) (vet) = 
Mey te X, | Viz tt t Xy | Ven ItX, +: +%, O 
_” fi - i oo ape Pr. +e O 
As +x. be 
; : : uy (a Fe (Ont 
= w+ on 
(r) 
aw 4 Oren 
46 @ r e (r) 
= Rint 
uv”) i) (r) . (r) 
xX, iT Xa -4 4 uP bee } = nis 
way 
Wet 
PRO = 12k ne) K=1,2 ea Gk: 
* > 0, 4=1,2,...,m, k=1,2,...57; 
o(k) ea eee ie X= 1 ey ese g I 5 
Cl 
RK) > 0, i=mtl,mt2,...,mts, k=1,2,...,7r3 


eri 


_ 





(kK) p(k) p(k) pe) 


For this model the parameters are Pad ee ee Py 


om, 9 (Kk) 


Cy» , and the components of the process vectors 
= and he Likewise, the decision variables are the 


-. . held and cheese The column vector of zeroes as a 
lower bound on the production outputs plays an important 
role in the model. This allows the agency to drop from its 
production plan those products which do not make a positive 
Ponvuribution to the total effectiveness measure. Should the 
(k) a, 


mapuct resources w. ‘, 


Hq and a be inserted in the pro- 


(k) 


erem aS constants, then only the x, "s would be the decision 
Variables of the program. 

Prior to developing other notions, it would be approp- 
riate to make some remarks pertaining to this model. In 
this regard it should be observed that the maximization 
formulation is dependent on the identification and quantifi- 
@aeu1on of the fo Be These parameters are normally referred 
tO as transfer costs. They are value measures which arise 
in situations where requirements are directed by higher 
Smemority and are not subjected to the competitive environ- 
ment. Almost without exception, utility measures of this 
type are difficult to define, let alone quantify and measure 
for use on at least an interval scale. References 1 and 
4 discuss at length the wide variety of problems encountered 
when this problem is broached in the physical world. Ref- 
erences 6 and 12 suggest approaches for determining values 
such as these, but because of the magnitude of this problem 


it is felt to be beyond the scope of this paper. 
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mBaeecwon the above discussion, no further consideration 
will be given to determining the values of the on The 
feximi zation of effectiveness model, although formulated 
feerenot be applied further in this paper. Henceforth, the 
maeets Will concern itself only with the minimization of 
cost model. Any reference to the "model" will infer the 


femimazactvion formulation. 
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III. MODEL IMPLEMENTATION AND UTILIZATION 


[wee DALA COLLECTION AND PARAMETER ESTIMATION 

Peeeview Of the preceeding chapter will reveal that the 
mathematical inputs to the minimization of cost model were 
eonsidered to be parameters. However, in an applied deci- 
si0n problem this is not the case and in fact, the inputs 
are random variables. For this reason, it becomes incumbent 
meom une user of the model to estimate some property of 
these random variables so that the resulting estimates 
might be inserted in the model as known parameters. There- 
meme. tt 1S the purpose of this section to consider this 
momo lem and to suggest statistical procedures to handle it. 

AS an initial step toward parameter estimation, the 
Meee! anputs should be classified in accordance with their 
difficulty of attainment. Three separate categories of 
inputs were delineated in this regard. First consider that 
set of parameters which are required when the model user 
desires to fix input resources. This set of parameters 


includes the regular time labor, overtime labor, and other 


Gs) Os 
— ral : 


and *. Data for the estimation of these parameters could 


searce resources. Specifically included are N 
Memextracted from current and future manning level documents, 


inventory status records, production equipment availability 


S@ereus, and production facility design layouts. 
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Mer COCmsct OlecsSGimalves required are the per unit cost 
Mmeeures associated with the above mentioned resources, plus 


Maes purchase price of items from outside product sources. 
ce), OF 
Ri =2 Foi 'S 


Current hourly Pabor rates, including all variable 


pis, and the 


m@iemse parameters are the P ; 


mk), 
E pd S. 


Meats such as fringe benefits and applied overhead, could be 
used to estimate the cost of labor inputs at the various 
mrerlities. Should wage increases be anticipated, proposed 
hourly schedules would have to be utilized. Material cost 
mareoeand production machines and facilities utilization 
meee cava, most probably, would be more difficult to obtain. 
mmeerOormer data could be obtained from vendor's catalogs and 
mieyerntory price listings. Equipment utilization cost data 
eo be Obtained from production analysis records, or it 
could be developed by applying industrial engineering study 
methods to the production processes involved. Lastly, the 
meemase prices for completed items acquired from outside 
the agency could be established by price quotes provided by 
Poe alternate product sources. 

The third set of parameters to be estimated would con- 


sist of the technological coefficients of the program, the 


| and ae Data for the estimation of these values 
Could come from a variety of sources such as engineering 
Per~tormance standards, work sampling procedures, and 
femaeerial accounting records. Due to the tremendous number 
of coefficients that would be required, the extraction of 


Sewer irom accounting records would probably be the most 





expeditious and least costly method. However, many account- 
ing systems are implemented in such a manner that the pro- 
mmevivicy figures extracted from them imply that exactly all 
maewresources were allocated to the several productive work 
elements. Consequently, they may be unrealistic for indi- 
Gating the actual required resources for a given production 
@eememreement. Kor this reason, data for the estimation of 
the technological coefficients may have to be generated by 
miowstrial Engineering type studies. In any case, a rather 
megmescicacved data collection system would be required. As 
ooecxample, data for the labor technological coefficients 
would have to be collected by work center for each pro- 
merton Output. Information in this detail would not be 
available in some of the agencies that could be modeled. 
This would require at the least, a reprogramming of the 
Peecounting system. 

Based Or) the above discussion, it may be stated that 
mere are many and varied data sources from which parameter 
=eamenaves COuld be made. Collection of data from certain 
informational areas would be much more difficult and expen- 
Sive than from others. Many times there will be a positive 
correlation between the difficulty of obtaining data and 
its validity. The trade-off between these two factors 
Should be considered in any data collection process. Once 
an informational source has been identified, data samples 


Saemoe drawn from it aS required. Due to the scope of the 
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Peoolem envisioned, it is assumed that an automated pro- 
cedure will be developed to collect the requisite data. 
Subsequent to data collection, the actual estimation of 
parameters may begin. Some type of statistical procedure 
meeecauired in this instance, as all the model inputs are 
random variables with unknown distributions, means, and 
Mereances. The probabilistic implications are obvious and 
estimation of parameters immediately becomes a difficult 
meeolem, Statistically, it would be desirable to identify 
unbiased estimators for all of the model parameters. A 
statistic is called unbiased if "on the average" its values 
can be expected to equal the parameter it is supposed to 
estimate. I1f several unbiased estimators are available, it 
is desirable to select the "best" of these for estimating a 
given parameter. "Best" will be used to denote most effi- 
Seme, where efficient has the following definition: 
Peau Stic ones is said to be a more efficient unbiased 
estimate of the parameter 6 than the statistic 6 Te 


OS 
(1) 6. and 6, are both unbiased estimates of 6, 


Hl Z 


(2) the variance of the sampling distribution of 84 


mls menanieties Variance Of the sampling distribu- 
tion of 6.. 


2 
Reference 11 has a more complete discussion of this concept. 
It can be shown that in most situations met in actual 
meacmuce, the variance of the sampling distribution of no 


other statistic is less than that of the sampling distribu- 


Peon o1 tne mean. in other words, in most practical 


SiS 





situations, the sample mean is an acceptable statistic for 
estimating a population mean u. This is the procedure 
suggested for the estimation of model parameters. 

Pemply Stated, parameter estimation will consist of 
estimating the population mean by using asample average. 
merandom Sample of n observations will be drawn from the 
meer Or the total population of a specific parameter. The 
sample nl be then used to calculate the estimate. An 


Seeeematvor for any particular parameter will be defined as: 


1g 
yx 
ag 


1=] 


6 = 


fk 


wiae re Xs is the 1%. observation of the n observation random 
Zee. 6 This 1s the basic statistical technique envisioned 
ietemtne C€Stimation of required model parameters. The random 
Sample from which the estimate was made, would be drawn from 
meeaecollected during the current or past production 
periods. 

A secondary method of parameter estimation which is a 
special case of the weighted-average techniques is also pre- 


sented. This procedure is the exponential smoothing tech- 


nique which is defined by 


¥ = = % 
“ntl ag o) Pe 
where 
1 = a weighting factor; 0 <a< l 
r®,, = the estimate of the parameter of n+ St 


(SII exe 
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r = the estimate of the parameter made from data 
collected during the nth period, 


Hl 


a the average value of the parameter estimates 


fOrmune first nm periods. 
meepadly the greatest advantage of this technique is that it 
considers estimates made over a number of periods. <A second 
Beemetavase 1S the possibility of varying the sensitivity to 
mea recent history on a continuous scale by selecting 
different values of a. One other advantage of this tech- 
maue 18 that it requires a minimum storage of historical 
dnformation. This procedure would most appropriately be 


is By using 


applied to estimating the aye ts and the d; 
Moms technique, the technological coefficients could be 
mmeeaiecvted more accurately than with single period estimates. 
fmemerence 7 contains a more detailed development of this 
Beocedure. 

The introduction of the paper presumes an adequate data 
Mieocessing capability at each of the facilities. This assump- 
motets implicitly included in the discussion of the estima- 
tion techniques described above. Due to the large number of 
Perameters involved, an automated information system would 
meeregquireda at every facility to insure prompt and efficient 
e@alysis of the data collected. 

B. INTEGRATION OF THE MODEL INTO A MANAGEMENT INFORMATION 

So TEM 

Mma oucces iim liazaeton Of the cost minimization 
model developed in chapter two is contingent upon several 


things. These are: inputting reliable parameters to the 


BY, 





model, availability of a mathematical technique to solve the 
problem formulated, and once decisions are reached as out- 
pucs from the model, providing these decisions to management 
mameeme field as guidance in planning their production pro- 
gram. All of these things may be accomplished if the 
decision model is integrated into a management information 
Pmemaecision system. It is the purpose of this section To 
present an approach to the development of this system. 

The data collection and parameter estimation procedures 
Beeeeussed above would be applicable here. It is anticipated 
that the management information group at each of the produc- 
mone tacilities would accomplish these tasks with computer 
Seerstance. One approach to completing these requirements 
fei oe CO combine The data collection and the parameter 
Sema iOon into one computer routine. With proper data 
input and programming, parameter estimates could be output 
feemenormal accounting runs. In this way current hourly 
Peeenraves, Materials usage costs, and technological 
ee@etticiecnts could be documented on a single computer run- 
out for a specified data collection period. These parameter 
eeeamaves could be used for the control, monitoring, and 
Pedatine of the parameter values already in the model. The 
approach suggested builds upon the assumption that sufficient 
data processing capability is available at the facility 
m=vel to provide management information to the central 


planning staff. 


36 





Mew oteUae.on Could arise where certain production pro- 
cesses were not utilized during a given parameter estimation 
mod, for this occurrence, data from previous periods or 
Single valued estimates developed by the industrial engin- 
meming and production control departments could be used in 
estimating the required parameters. A rigorous application 
memeelic above broad concepts would enable each facility to 
develop a complete set of input parameters for itself. 

These could be prepared for submission a forwarded to the 
central headquarters by a convenient means such as the mails. 
The agency's production planning staff would then have an 
Saoare Set of model input parameters for the facilities at 
its disposal. 

Coincident with the generation of the parameters at the 
facilities, the headquarters would receive price quotes from 
the alternate product sources outside the agency. This 
would have been precipitated by the contracting staff of the 
agency contacting interested parties and telling them of the 
agency's production requirements for the next planning period. 
These other sources would then come back with price bids on 
the various items they wished to produce for the next period. 
In this manner, the agency would become cognizant of all 
alternate production sources and the cost associated with 
each one. 

Once the central agency had all this quantified informa- 
tion available, it would be in a position to begin develop- 


ment of the model for the next planning period. The agency 


By 


would now want to determine if there were any special model 
constraints required for the planning period. If this were 
the case, the agency might have to Gemracte the facilities 
or other agencies for additional parameter estimates. Sub- 
sequent to this process, the linear program could be formu- 
lated in a general sense and then the model could be 
established on a digital computer for solution. By use of 
fieescimplex algorithm, the Peeper cal program could be 
solved and an optimal solution obtained. References 3 and 
10 present the methodology of the simplex 2) Ifezto peal nian tle 

The outputs of the model would be the vectors of 
resource inputs and the vector of production activity out- 


puts. In mathematical notation these Ouupurscr are, 


ee) 6o,.(1) o (r) Tt oy (lore ely, o,(r) a 
| No 3 No see & 9 Ne | 3 | O15 3 0.5 Sy OU OM ® rele 2 
ml) o.(1) (r))t (1) 0, (1) (1) 
| Me Riy5>---s Rasa , and | x3 soe 5 Pare 


where the superscript "o" designates the optimal solution. 
Many of the elements of these vectors could be zeroes indi- 
cating no input of a particular resource or an activity 
level of zero. Included in the production output vector 
will be the amount of each product to be purchased from each 
alternate product source. 

It should be noted that "optimal" as it is used above 
refers to a mathematical characteristic of the program. 
Operavionally in the real world a @efimnrrion Of Optimality 
would be impossible to specify. The very nature Of Whe 
parameter estimates input to the model would insure that 


the best possible solution would not be obtained. 
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feom tune model Outpucrs in hand, the central headquarters 
would now be in a position to provide planning guidance to 
the facilities and begin contract procedures with the alter- 
Seeenproducers. The appropriate set of model outputs would 
be forwarded to each facility and an order placed with each 
feeemnave product source. In this manner, the information 
moo would be completed and the producers would have their 
mee@ouction plan for the ent Dreedqucrien period. This over- 
Peemeorocedure would recur each planning period and could be 
considered a continual process over time. A schematic out- 
dine of the information and decision system is presented in 
Paeure c. 

imeaddition to the collective benefits derived from the 
Meme, the central agency and the production facilities 
Poms dered separately could receive meaningful management 
information from the system, For the facilities the produc- 
tion plans would become the inputs to their actual job 
scheduling systems. Additionally, these plans would enable 
Pie facilities UO te OmEatdmeamorol Chelr production in 
relation to the other facilities, This would be particular- 
meemporcant if a specific item was to be produced at 
several facilities and a due date was established for that 
mci, “likewise, the central agency could monitor the 
operation of all the facilities with documents generated 
from the basic production plans. The agency could also 
derive management information from the model which would be 


related to capital investment, investment in resources, and 
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It should be noted that this diagram represents informational 
flows for the tt) planning period only. Flows for other 


periods will be continual over time and could be represented 
cmmiderly . 
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a number of other items. A more complete discussion of 
these applications of the model will be presented in the 


mext section. 


C, ADAPTABILITY OF THE MODEL TO ACTUAL SITUATION 

The basic decision model formulated can easily be modi- 
fied to handle the changing requirements of the physical 
situation. As an example, consider that the ue labor 
resource at the ae facmbievwenas been Cecreased due to a 
reduction in force. This can easily be reflected in model. 
A less mundane example could be when a new production pro- 
cess is introduced at one of the facilities. Incorporation 
of this circumstance only requires the generation of the 
associated process vector and its insertation iGO, vine 
model. In the same manner, should additional agencies or 
firms become involved in the production of some of the 
required outputs, they can readily be considered by adding 
the necessary terms to the objective function. 

Flexibility is also inherent in the model when the 
adaptive nature of the constraint functions is reflected 
upon. With proper restraint formulation, the model has the 
ability to make allowances for such pertinent considerations 
as government policy, tactical and strategic requirements, 
and financial limitations. Several examples of the capabil- 
iey are as follows: 


th 


1. The constraint to limit overtime at the k facie ty 
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m 

(k) (k) 
yy Dog Se. 
fea 


where #0 (1) =Ehicem@exed overcime Limit ; 


eee ihe constraint to insure that no fewer than 90% of 
the hours worked on regular time during the previous planning 
period will be worked during the current planning period at 


ae meen feet dnt. y 


m 
Che) Ce) Pree 8), 
Sas wy > 0.90 #NETS 
i=l] 
where ance) = the number of man hours worked on 


regular time during the previous 


planning period; 


wepetne ceonstraimt to insure that sufficient assets of 


the soe 


output are maintained in the field to support the 
operating forces rather than being overhauled during the 


peanning period, 


o-~ 
~ 
~~ 

A 

ee 


= 

DE 

M 

cS 

MD 

om 
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= the upper bound on the number of items 


of the given category to be repaired; 


4, The restraint to guarantee that at least 80% of the 
mreoduction of the oe output is accomplished at the agency's 


Sell ties 


He 





i 

(k) 
Sy Ks > Oc xi 
te || 


5. The constraint to limit total manpower at the k’” 
mecca lity 
m 
es wk) < xy K) 
1 — 
Pere = the fixed manpower level; 


6. The constraint to limit total expenditures at the 


1 Oe facility to a predetermined level 


m mt+s 

p(k) Cor (k) ads (k) (k),(k) (k) 
a a ie Na ree J+ Do Py Rp Ss #8 
j=1 i=mtl 


where #B‘*) = the fixed budget level. 


The above list of constraints is not intended to be a ° 
comprehensive study of all possible restraint formulations. 
However, it is meant to indicate the spectrum of restraints 
that can be introduced into the model to make it a viable 


management tool. 


D. RELEVANCY TO MANAGEMENT DECISIONS 

The primary purpose of the Heeieren mocel 1s to deter— 
mine the decision variables of the program, the resource 
input vectors, and the product output vector. Management's 
interest in these particular values would be paramount, but 


there are a variety of other important uses for the model. 
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Consideration will now be given to several relevant appli- 
cations of management interest. 

Second only im importance to the decision variables, 
are the results which can be derived from the duality con- 
cepts of linear programming, if the resource ip Uys aire 
considered fixed. Mathematically, it suffices to observe 
that a maximization problem may be formulated as the dual 
of the model which is a pain vation problem. References 2 


and 5 provide the mathematical development of the duality 


cay) 


concepts. Certain shadow prices (Vy sVoaeeeoVis Vaaqpottt? 
-..): one of which will be associated with each output 


constraint and resource constraint, will be the solution 
variables for this dual of the original problem. What is 
now important is to be aware of the Peconic meaning of 
these values and to realize how management may use this 
information as a valuable aid in decision making. 

In an economic sense, the shadow prices associated with 
the output constraints are an actual measure Sta tne TCOSt vO 
produce one more item at optimality. A discussion of the 
use of these values ne presented below when post-optimality 
analysis is considered. The shadow prices associated with 
the resource constraints are the values imputed to the 
resources at optimality. For instance, if the ae resource 
at the oe facility is millwright hours, the shadow price | 
would be the value of one more millwright hour as a contri- 
bution to the overall measure of effectiveness. The 


economic connotation is clear, the shadow prices provide a 
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value measure of the resource inputs at the margin. Manage- 
ment now has at its disposal a very powerful means to make 
economic comparisons. An example should clarify this point. 
Suppose one category of overtime labor has an upper bound 
meecosts $8.50 per hour, but the imputed VeEluec Tera lavor im 
ars category is $15 per hour. In this instance, management 
might be well advised to apply additional overtime abel selalaite: 
category, or expand the aura r CuO biies. AS an extension 
of this procedure, it would be possible to calculate the 
shadow prices for a whole sequence of resource levels epe 
the oh resource at the ne iecmlivymweolding OLhner resources 
constant. This would result in a plot of the marginal value 
of the resource for a wide range of input levels. Following 
this procedure would give management a method to analyze 

the return on its investment in resources, not normally 
found in government activities. 

The above discussion leads directly into a consideration 
of post-optimality analysis. It should be recalled that the 
mode 1 parameters are actually random variables. Therefore, 
it would be beneficial to perform a sensitivity analysis on 
selected parameters. By varying parameters, the effect on 
the optimal solution could be observed. Even if stochastic 
effects were not considered, the fluctuating economic 


situation might make it desirable to investigate the conse- 


me) 
DJ 
for c fer sexample., could well change the optimal solution. 


quences of changing various parameters. subsoil vuL ine 


Various modifications could be made in this manner biaieskil she 


1) 





as determined which subset of the parameters are the most 
sensitive. Additional statistical analysis may be indi- 
mame, FLO Obtain tighter estimates for the parameters. 
Hence, sensitivity analysis can be used to reduce the 
uncertainty induced in the model by the use of expected 
values as parameter estimates. 

The model can also be applied to more general problems 
mae JUStC planning. Many afelngee items such as the effects 
of: wage increases, additional product requirements, and 
newly instituted agency policy, may be studied. As an 
example, consider a Federal agency which anticipates a 
complete revision of its hourly wage scale. The impact of 
memo revision on the agency's production processes could 
be examined by inputting a complete new set of labor cost 
meeomeners tO the model, A new and @ more efficient produc- 
tion plan could be developed prior to the implementation of 
the wage changes. The model could also be of aid in making 
Miemcransitlion from the plan currently in progress to the 
new plan as smooth as possible. 

mollowing this same theme, management could find it 
beneficial to use the model and the information system 
described previously, to develop a meaningful dialogue 
Detween Che planning staff and the facilities. Initially, 
if the normal procedure is followed, the facilities would 
Bony their input parameters. Then the model would be 
developed and solved, and the central headquarters would 


return the planning documents to the facilities. Subsequent 
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Pemeamoleting this first loop, the staffs at the facilities 
would review the plan for scheduling and inventory con- 
siderations. Based on this review, the facilities could 
resubmit revised sets of input parameters with any additional 
Sensetraint information developed. A new problem would be 
meeemilacted for solution, arid then the second phase planning 
Se@euments would be forwarded to the facilities. This 
miocess of reciprocating Bpenindications Commer econutnive Uinta | 
both central management and the production facilities were 
Paemsr ied that the best possible production plan had evolved. 
In the same manner, the shadow prices associated with 
the output constraints can be used to good advantage in 
extending the dialogue to consider the marginal cost of 
producing the various outputs. Once the dual problem is 
solved, the management of the central agency could study 
the listings of shadow prices. These would be the costs 
of producing one more item at the margin. If certain of 
these costs were found to be excessive, the problem could 
be reformulated with the output constraints associated with 
these costs established at lower levels. Additionally, if 
certain of the marginal costs were lower than anticipated, 
the model could be reformulated with the associated uD a O1b Re: 
levels raised. The new dual problem would be solved and 
the marginal ocsts of producing the outputs again studied. 
This procedure would continue until the management of the 
agency was satisfied that the most desirable set of pro- 


duction outputs had been reached. 
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WiewOrmere area Of Significant application for the model 
meeuld be discussed. This deals with the use of the model 
mmcapitval investment decisions. Specifically two areas 
mime pe addressed, investment in technologically new produc- 
tion processes and secondly, investment in those resources 
fee COUld be considered real assets such as lathes or 
mieering machines. Much light could be shed on the question 
Semeete Cesirability of the introduction of a new production 
process, by formulating the appropriate process vector and 
MieerLbing it in the model. The new optimal solution 
obtained and the resources consumed by the proposed produc- 
tion activity would provide the agency with substantial 
@eersi0on making information for a feasability study of the 
process, 

ipercelation Co decision for capital investment in 
meeeurces, the information derived from the duality concepts 
eoula be very meaningful to management. The shadow prices 
would give the values of the input resources at the margin. 
By the Teor these values and capital budgeting models the 
present-value of capital investments could be determined. 
The discounted present-value of the investment for a planning 


HemrZon Of Nn periods and for the ee resource te cet aned sas: 


nN 
PV, = > 


the marginal revenue product or shadow price 


" On wars fae resource in Che fue period, 


ean 


Cy 


where 5 
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C, = Che cost of the investment for y bh resource 


in the eh DeTrued:, 


— 
i 


the interest rate 


Pee this method, realistic palrwise comparisons could be 
feeecs among alternative resource investments. This procedure 
assumes no change in basis and the same interest rate over 
mame. iin an applied problem these assumptions may prove 
Pestrictive. Reference 2 provides a discussion of the 


discounted present-value criterion. 
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TV. AN APPLICATION OF THE MODEL TO THE PLANNING OF THE 
MARINE CORPS DEPOT MAINTENANCE PROGRAM 


A. BACKGROUND 
ieee tcpair Programs 

This chapter has been incorporated into the thesis 
tO provide a preliminary study of an actual planning situa- 
meenetcOo which the decision model could be applied. The 
problem chosen for examination is that of planning the 
ferane Corps’ annual maintenance and repair program for 
Major end items of equipment. Consideration will be given 
woemodgel development, data sources and parameter estimation, 
and utilization of the model as a management tool. 

Marine Corps equipment includes a variety of different 
types such as engineering, communications--electronics, and 
motor transport. Due to usage and age, all of this equip- 
ment finally reaches the point where it must be repaired or 
replaced. It has been determined that in many instances it 
is more advantageous for the Marine Corps to overhaul and 
rebuild its equipment rather than institute new procurement 
on the open market. The agency which has overall respon- 
sibility for the development and management of the annual 
repair program is Headquarters Marine Corps (HQMC). Specific 
cognizance over the program is maintained by the G-4 and 
Quartermaster General Sections of HQMC. 

Currently the development of rebuilt requirements and 


the detailed planning of the annual repair program are 
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mecompliished by the above mentioned sections and the Supply 
Mmmventory Control Point (ICP), Philadelphia. The overall 
meat program is divided into two separate entities, the 
Commandant of the Marine Corps (CMC) repair program and the 
Secondary Repairable Items Program. The former program 
Pemecrns itself with principle items of equipment and the 
latter with major equipment components such as transmissions 
and engines. Certain equipment and maintenance management 
programs provide the physical assets which are the inputs 
mervnese repair programs, 

A major source of repairable input assets to the CMC 
Repair Program is from the Replacement and Evacuation (R&E) 
Program. This program is intended to extend the service 
here, Ot Marine Corps equipment by providing for its timely 
replacement and evacuation for rebuild on Gmeve linc basis. 
Initiation of the R&E Program occurs when the G-4 Section 
Of HQMC forwards to the operating units in the field tech- 
Mical criteria for rebuild. These criteria could include 
such items as age, hours of operation, or time spent in 
Southeast Asia. The field would then return its rebuild 
requirements to the G-4 Section, HQMC, based on the estab- 
lished criteria, There the technical sections develop 
priority listings of the requirements and forward them to 
Maomagularvermaster General Section. 

The second source of repairable assets for the CMC 
Repair Program is the Recoverable Items Program (RIP). This 


program has been established to provide the policy and 
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meeoccaures for the recovery of principle repairable items of 
Marine Corps equipment that are predetermined to be econ- 
omically repairable and/or excess to the needs of the using 
Maat. A prime example of items which would fall within 
this program are retrograde items from Southeast Asia which 
are still repairable. Together then, the R&E and RIP 
Meerrams are the principle source of input for the CMC 
Repair Program. 

peunira component of the input to the overall Marine 
forms hepair Program deals not with major items, but with 
Swoncgary items. This program is designed to insure that 
when unserviceable secondary items require repair, service- 
able items will be made available on an exchange or rapid 
turn around basis. In this way, the parent equipment will 
Pempermitted to remain operational with a minimum of down- 
time. 

mepaitr requirements from the various programs are 
collected and documented by HQMC or its representatives. 
Mirem the Quartermaster General's Section, in conjunction 
feieouner appropriate Sections, begin the development of 
the annual repair program. Here the rebuild requirements 
meemonalyzed, based on their contribution to the Marine 
Seepoelilsston, Status of equipment inventories, and many 
weweraevors. in a bargaining process staffed by the 
timerestead parties of the logistics and supply fields. 
Participants in this bargaining process weigh the alter- 


natives of which items to rebuild and how many of each item. 
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megimeboiis procedure, @ repair plan for the coming fiscal 
SeeeemevVOlvVes based on some collective utility function for 
miemerOup. After this plan is formalized it is referred to 
as the CMC Master Work Schedule 

eye nepair Facilities 

ml ateomilagommny O1 the rebuild capability within 
the Marine Corps is provided by its two Depot Maintenance 
Memavicies (DMA) located at the Supply Centers in Albany, 
Georgia and Barstow, California. These two activities are 
the "production" facilities where the repair of major 
equipment is accomplished. Production planning for each 
Or these facilities, in the sense of the items to be 
fmeoualt, 1S carried out by HQMC. The mission of these two 
mercrlities is to provide the Commandant of the Marine Corps 
with the capability to completely overhaul principle items 
Sewequipment and secondary repairable items. It is con- 
meaerea that the repair programs at these facilities are a 
Major source of supply for the aforementioned items with 
Darticular emphasis on timely responses to the mission 
oriented requirements of the Marine Corps. 

The organizational structure of the two Depot Main- 
tenance Activities are similar. There is a shops branch set 
up along functional lines to accomplish the productive work 
and certain other branches, fulfilling the required staff 
mmerv.ons, A predominantly civilian force is employed with 
a military director as facility manager. Of particular 


imiretes, 1s the availability of sophisticated computer 
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Sapability to the staff of the DMA's. This is provided by 
the IBM-360 computer which is installed in the Data Pro- 
Cessing Facility of the Supply Center on which the DMA's 
are located. Reference 8, the Depot Maintenance Activities 
Management Manual, delineates the basic operational policy 
mere tne DMA's 

Financial management and control of the DMA's is in 
accordance with the Marine Corps Industrial Fund (MCIF) con- 
weer Reierence 9, the Marine Corps Industrial Fund Hand- 
Seeemaocumenus these concepts. The MCIF is a revolving 
type of working capital and was established for each DMA in 
ive l900, Implementation of Industrial Funding at these 
two activities has caused them to be subjected to a much more 
Meer ous COSt accounting system. In conjunction with this 
mipeavement, a more détailed data collection system was 
installed for the recording of hours worked against active 
wep orders for the repair Of equipment. This system utilizes 
Mimeololket ment lomed above and consists of a set of data 
Meio tarlons throughnouv the repair facility where the 
cmelovecs puneh on and off of specific job orders. Once a 
Peommomecmis Compleled, Ehe customer concerned is billed for 
Pnewrepalr work accomplished on his equipment. All work 
accomplished by the DMA's is on a reimbursable basis. This in- 
cludes maintenance done for HQMC on the Master Work Schedule. 
Figure 3 shows the financial cycle of operation for the DMA's. 

It should be noted that the actual workload of the DMA's 


is divided into two categories, CMC directed work and 


54 





Order 
CUSTOMER DMA 


Reimbursements 


Industrial 


Pie nes 





ALL COSTS FINANCED BY MCIF 


Pies wiromeoupply Center, Marine Corps 
pect maulateeanau commercial Firms 





Perceue Direc. Other Production General & 
Labor Material Dime Ov ma xpenses Admin. 
Costs Expenses 


COSI TONE Sie gall | 
service 
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Industrial Fund Financing 

supply center support requirements. The CMC directed work 
feiemaus Benerally of the repair programs previously men- 
tioned and is directed on an annual basis by HQOMC, The 
supply Center Support Program consists of care-in-storage 
for major items and preparation-for-shipment of these items. 
These are functions of the supply centers themselves and 
hence they are responsible for the development of these 


programs. Again this work is reimbursable for the DMA's. 
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Meocecures are avallable to project that portion of the 
Mearivenance effort directed toward CMC requirements. MThis 
e@eples the planning model for the CMC Repair Program to 
be developed while excluding from further consideration 


Simly center Support requirements. 


Eee DECISION SITUATION 

Consider the situation presented in the previous sec- 
ti0n for the planning and development of the annual repair 
Program by HQMC. Once the bargaining process is concluded, 
the result would be a vector of repair requirements includ- 
mae bovn principle and secondary items. This vector, in 
fact, represents the desired outputs from the Marine Corps 
Depot Maintenance Program for the next fiscal year. To 
Peepers this maintenance effort, the Marine Corps has 
at its disposal several alternate repair procedures. These 
alternatives are: accomplishment of repair work by the 
two DMA's, utilization of the depot maintenance capabilities 
Pimouletm @GOovernmenl agencies, and contracting the required 
overhaul work to industrial firms engaged in this type 
endeavor. 

eEatmiecwiune pure If 18 SUBfested that the repair program 
planners should have a specific management objective in mind 
before proceeding in the decision process. Formalized, this 
objective would be: given a vector of desired outputs, dis- 
tribute these outputs as production requirements among the 


production alternatives in such a way as to minimize cost. 
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jhe mathematical model developed in the next section is 


intended to pact wecmooMitoms TO. tiis decision problem. 


C. FORMULATION OF THE DECISION MODEL 

Generally the formulation of this model will be similar 
memeie COS’ Minimization model developed in Chapter II. A 
total of n items of equipment requiring repair will be 
addressed by the model. The model will concern itself 
mach the two DMA's as production facilities and L-2 alter- 
nate repair activities. These would include both govern- 
mental and industrial concerns capable of the desired repair. 
Pemsracration of all variable production costs for the DMA's 
Will be included in the objective function. Additionally, 
Gomeract costs for repairs accomplished by alternate activ- 
memeoomwtll be reflected in the cost function. It will be 
the overall goal of the mathematical model formulated to 
mane ce this objective function. 

Meseulrce Constraints for the model will be divided into 
two sets, those for the productive labor shops and those for 
Doeetemacarece resources Such as materials. There will be a 
labor constraint for each productive shop such as the tracked 
vehicle shop or the power train shop. It is assumed that 
there are m of these constraints. A set of s constraints is 
formulated to consider scarce resources other than labor, 
pucCneacmaacilities. Capival, and materials. An example 
could be the limited capacity of paint-spray booths. 

Polieymconsuraints Ssamilar to those presented in Chapter 


ITE may be introduced into the model on an as required basis. 
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momever, there 1s one other type of constraint which is 
meoumlacted for the model. This is a set of restraints which 
meseuricts the range of the output decision variables of 
emee mathematical program. Incorporation of this set of 
Moroso raintsSs 1S necessitated by the mission oriented lower 
bounds imposed for each item meiner. Additionally, an 
Meper bound is required for each item due to the limited 
number of repairable assets available for any planning 
Merrod. The mission oriented lower production bounds are 
mieorporated in the requirements vector. Upper production 
Meunads are explicitly included in the model as less than or 
ewer vo constraints. The ve COMseuralne an thas set is 
micmeated as : 7 Ss Uns where U; equals the upper bound 
mor the gue ee repaired. | 

Tne process vector concept is also included in this 
model, A complete SemoOl VcCeCloOmomrc ormulated represent— 
memene vechnology of repair for all n items at both DMA's 
The superscripts (1) and (2) will represent Albany and 
Bereowow respectavely. 


Using the notions developed above, the mathematical 


statement of the cost minimization decision model is, 


Minimize: 


5 5 [POD GAD) 4 pl] 


a Oi eg 
k=] i=1 
a (k) ae 
k (k) eae 
+> ee 4 a 
k=] it=m+tl k=3 j=l 
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Subject to 
( (1) (2) (3) (2) 
KM [te Malte t Xn [Vani tx, te bX, 2xe 


Bee cp kn Xn 
< ot w+ et 
<x2 wt Otz 


@) 
: e e « =<, we Otm 
(2) 
ed, 
() (i) (2 (2) 
x, + X, pee Xx) <= Amis 
iy") < Fu) 
(2) ° ( 
wer << *w 
p xk) < =e 
= es jae. els 
k 
2 ) muro j= leew... 5n, k=l1,2, gigs 
> 0, 1=1,2,...,m, k=1,2; 
ho > 0, i=1,2,...,m, k=1,2; 
Rbk) Oe =m ll .m+2 m+ k=1 ,2 
a 3 3 SE a) S 5 ~1Lyle 
where 
Z, = the total cost to repair and/or contract for 


repair of a given vector of output require- 


ments (x7 x35 ,---5x8), 
(k) _ lal 

Xs = the output level of the ; repair process 
at the k’” facility, 

p(k) ae: Sela 1 P 

pe emcOsc or One hour of the i regular time 
labor resource at the fae aeuiyN wy . 

pik) = the cost of one hour of the ae overtime 


labor resource at the woe SUSE EN TWA en 


Dy) 





Wiewcogue ol One unit of the yeh scarce 
iia 


(k) 
Ps 


resource other than labor at the k 


actavity , 

a -—sUnNe —cCOntracL price of repair for the as 
item from the mee alternate production 
oe wave y . 

af) = the number of man hours per man available 
Ore ee ne oe aber resource ary the ule activ- 
hey eOurine tre planning period, 

a = the number of men utilized for the ive labor 
resource at the ioe aeudey ine y 

6) an ula 

ie Sevier ol tacurs Of the i. labor resource 

utilized on an overtime basis at the ee 
QCUae yale), 

= the amount of the ne resource Other than 
labor utilized at the k*” facility, 

xs = the lower bound for the production output of 
the qe. Lieeii. 

U, = the upper bound on the production output of 
the yuh item, 

Bes) shea 

Ws = the number of men available for the i aber 
ie oleae Gites 2 11e yeh faervii Gy . 

(k) _ _waleer: 

dss = the amount of the i limited resource other 
than labor required to repair one unit of the 
ye output at the k°” facility, 

a = the amount of the gee labor resource required 
Veomre nahi Onew MMi toh Tne oe QUE OIG 28 wile 


KD Facility. 


Peeecnould be movea that the last two quantities defined, 


- and re are the technological coefficients of the pro- 


cess vectors, the V,.'s. These two quantities are input 


ally 
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parameters to the program. Additional model parameters are 
-. ee, ae ie ae Kes Uys and ty IO The deci- 
meen Variables of this formulation are the Rts, ae 
ors, and was, AS in the model developed in Chapter 
meet tS assumed that the cost of overtime labor is greater 
Chan the cost of regular time labor. 

PMmedmetnorG Go add realism to the model, certain of 
the outputs of the repair Bhesses will now be delineated. 
the possibilities for these decision variables are as 


follows: 


_ = the output level of ONTOS, M50Al (self- 
propelled anti-tank weapon) at Albany, 


x = the output level of ONTOS, M50Al1 (self- 
propelled anti-tank weapon) at Barstow, 


x = the output level of LVT'S-P5Al (amphibious 
tractor) at Albany, 


of = the output level of LVT'S-P5Al (amphibious 
tractor) at Barstow, 


x61) = the output level of trucks M35A2C at Albany, 


62) = the output level of trucks M35A2C at Barstow, 


oa = the output level of tanks, 90MM Gun M48A3 
at the U.S. Army Depot; Anderson, Alabama. 


These possibilities are by no means to be considered 


binding specifications. They are simply presented as being 


61 





Bepieseivari.ve Of vhe hundreds of items the Marine Corps 
must repair each year. Additional decision variables could 
me invroduced in the model to account for various repair 


mrecesses depending on the Condition Code of the item. 


D. DATA COLLECTION AND ESTIMATION OF MODEL PARAMETERS 

Data collection and parameter estimation for this model 
would require a great deal of research and detailed statis- 
tical work. However, it is made somewhat easier by the 
implementation of the Marine Corps Industrial Funding and 
the availability of the data processing capability mentioned 
previously. Currently a large data base is being built up 
as a result of managerial and cost accounting procedures 
aeerperacved in the industrial funding program. It is 
envisioned that with proper systems design and programming, 
the computer capability at each supply center could be 
MemleZ,ed LO assimilate relevant portions of this data and 
make the required statistical calculations. In the cases 
where appropriate parameter estimates would be generated by 
way of expected values, the methods discussed in Chapter III 
would be applicable. Below are listed the model parameters 
MiCmouncal slaua sources. Wotve that the data sources are 
currently available without further analysis and design 
work. Additionally, representative parameter estimates are 
aisplayed in some instances. Any management report 
‘referenced will be available at both of the Depot Mainten- 


ance Activities. 
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Thre input parameter to the model and their associated 


Gate sources are as follows: 


7 - (Regular time labor cost) - This could be 
Bevarnedad Lrom currently existing labor rate schedules. It 


iomene cumulative total of the basic wage, benefits, and 
an appropriate prorated portion of the overhead costs. 
Examples of these values as extracted from budgetary docu- 


femes at Albany during May 1970 are presented in Table lI. 


TABLE I 


SAMPLE REGULAR TIME LABOR COST PARAMETERS FOR THE 
DEPOT MAINTENANCE ACTIVITY, ALBANY, GEORGIA 


PARAMETER HOU REY SRA TE SHOP 


(1) = 
Poli = Cee 2 IL is 
(1) = 
Peo = $13.56 7TH5 
(1) a 
Proy = $11.56 feel 
a -~ (Overtime labor cost) - This also could be 


Setarmmed from the labor rate schedules. It includes all 
items mentioned above for the regular time cost plus the 
overtime rate. Examples of these values as extracted from 
budgetary documents at Albany during May 1970 are presented 


gy dkehiolve IEE? 
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Lapis 1 


SAMPLE OVERTIME LABOR COST PARAMETERS FOR THE == 
Peo PN TENCE ACTIVITY, ALBANY, GEORGIA 


PARAMETER HOUR: Seale SHO ir 

cal) 7 , 

Poll = $14.33 foe 
(1) eS 

aie = $16. 38 TUS 
(1) 7 | 

Pook = $13.82 om 

- (Cost of scarce resources other than labor) - 


Input materials costs for separate items could be extracted 
ieeme the federal supply catalogs listings in effect for the 
peomntne period. Total materials cost per repaired output 
meemecan be projected statistically from data on the Depot 
Maintenance Activity Management Report A-1l. Any variable 
Samo associaved with Production equipment or facilities 
could be estimated by the Industrial Engineering Branches 
eiume DMA'S. 

> (k) 


pJ 
activity) -— Bids for repair by alternate agencies and firms 


- (Contracted cost of repair at an alternate 


could be centrally collected by HQMC for input into the 


model. 


gle) 


tug) labor resource) - 


- (Available manpower for the i 
iiisscould be statistacally projected using data extracted 
from the Maintenance Management Report 3-3. Representative 


parameter estimates extracted for Albany during November 
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1969 are presented in Table III. These estimates are for a 


period of one year. 


Wivisigi Itt 


SAMPLE LABOR RESOURCE PARAMETERS FOR THE DEPOT 
MAINTENANCE ACTIVITY, ALBANY, GEORGIA 


— —- 


LABOR RESOURCE MAN EQUIVALENTS DMA SHOP NUMBER 


#02) = 0.275 608 
twa) = 0.020 612 
tw) = 0.281 613 
wht) = 0. 306 614 
fae? = 0.425 615 
tyw(1) = 0. 346 618 
at aa = 0.030 625 
awl) = 0.665 681 
two) = 0.128 682 
tO) 2 44.510 ell 
see - 14.820 723 
wil) 3.970 724 
why = 22.050 fou 
ore = 18.530 Ae 
pare? : 29.650 | 733 
ww) = 6.450 734 
¥w (1) = 8.950 738 
twit) = 21.090 742 
i = 25.410 744 
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: ~ (Available man hours per man for the planning 
period) - This could be statistically projected using cur- 
Bemriy eEXisting labor audits. For its yearly planning 
purposes Albany currently (May 1970) projects this at 


aft) = 1664, for all i. 


U, -~ (Upper output bound) = Conceptually this informa- 
tion on repairable assets could be extracted from the out- 
put data of Sub-Systems 13 and 03 of the Marine Corps' 
Unified Material Management System (MUMMS). 


ay? (Labor technological coefficients) - This set of 
Parameters could be statistically projected from data on 
the Maintenance Management Report 3-2. For example, the 
Tener Of coefficients for the repair of an ONTOS, M50Al 
extracted at Albany during November 1969 is presented in 


Yable IV. 


a -~ (Technological coefficients for resources other 


than labor) - Estimates of these parameters would have to 
be extracted from existing Industrial Engineering studies 
Sea romescudites Specifically designed for this purpose. 
E. A PROPOSED INFORMATION AND DECISION SYSTEM BASED ON THE 
MODEL | 
The same type argument presented in Chapter III for the 
integration of the model into a management information and 
decision system (MI&DS) is applicable in this instance. By 
using a support system specifically designed for the 


decision model HQMC could realize the greatest possible 
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TABLE DV 


SAMPLE LABOR TECHNOLOGICAL COEFFICIENTS FOR THE 
DEPOT MAINTENANCE ACTIVITY, ALBANY, GEORGIA 


COEFFICIENTS MANHOURS/ONTOS DMA SHOP NUMBER 


= 565.4 (2 
Ag = 76.8 723 
oe = 69.8 724 
ae = 108.9 732 
ae 7 57.1 ee 
ae - 6.9 734 
2181 = 36.7 7h2 
“ae = LeU AL TAY 
ae = hy 751 
2 - 91.3 755 
ae 2 Tate 756 
as = (306 761 
_ = SS Sy 763 
ae - 19.5 765 
ae 7 14.1 766 


gg te eG 7 A ae 
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Pierro irom iv. input information to this system would be 
primarily "borrowed" from existing systems and forwarded to 
HQMC. Sources of data for input parameters would be those 
indicated above. Additionally HQMC would have to input the 
fepwarr requirements vector and formulate any necessary 
Selrcy Or Mission oriented constraints. The model would 
then be established on a digital computer for solution at 
some convenient location. It is envisioned that for a given 
fiscal year there would be from 300 to 500 decision variables 
in this linear program with approximately the same number of 
constraints. Once solutions were provided from the model, 
they would become the Marine Corps Repair Program for the 
coming fiscal year. Each DMA would then be forwarded its 
Seeravlons plan for the next production period and contracts 
could be written to purchase the production capabilities of 
the alternate repair facilities. Outlined in Figure 4 is a 


diagrammatic sketch of the MI&DS. 


F, THE SYSTEM AND MANAGEMENT 
1. Management Significance of the Model 

Probably the most important single benefit derived 
from the model would be the output of the decision variables 
from which the production programs would be generated. The 
duality concepts presented in Chapter III would be appli- 
cable here. Of particular interest to HQMC would be the dual 
variables associated with the production output constraints. 


These values would be the shadow prices or marginal costs, 
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Figure 4. Depot Maintenance Management Information 
and Decision System for the Marine Corps 
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Beebe OULDUL Of One More unit of a particular line item of 
equipment. For a specific formulation of the model with its 
established output levels, the HQMC planners could study 
these costs and determine line item by line item if these 
Peavo were consistent with their preferences. Subsequent 

GO this review the model could be reformulated with the 
Smeeue CONStraints raised or lower as deemed appropriate 

by the planners. The model would be resolved and the shadow 
@ieimees 1Or the production output constraints again studied. 
This process would continue until a set of output levels 
evolved which were consistent with the preferences of the 
HQMC planners. The question of the effective employment of 
additional resources could also be studied by the use of 
tPiemsiadoOw prices. Comparison of the, relative worth of the 
input resources could be made by using these values as 
described in Chapter III. The financial management of 
investment capital could be enhanced by the use of the 
shadow prices and the discounted present-value criterion 
developed si Baumol (Ret. 21. 

A secondary use of the MI&DS could be to establish a 
dialogue between HQMC and the DMA's for the development of 
the production plans by an iterative mecess.. The procedure 
would be to submit the parameters through the information 
System, solve. the program, and return the production plans 
to the DMA'ts. Following the review of the plan by the repair 
facilities for inventory and scheduling considerations, addi- 


tional parameters and constraints could be forwarded to 
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mowey This process would continue until the most favorable 
Bian possible had been reached, 

Mention should also be made of one other problem on 
which the model could shed meaningful management light. 
This is the problem of staying within the budgetary limita- 
tion for depot type maintenance within the Marine Corps. 
Although the model minimizes cost, there is no guarantee 
that the resulting plan generated will be feasible finan- 
clally. Here again a colloquy with the model could be used 
tO good advantage. Should the initial vector of output 
repair requirements lead to a financially infeasible solu- 
meee New requirements vector could be formulated and 
Mmimieeuwo tie model, In fact, a whole series of requirements 
a eeworo mene be developed, input to the model, and the 
solutions recorded. Using this approach, the financial 
feasibility bounds on the problem could be determined. 
Eventually a decision would be made to select one require- 
ments vector from the group of feasible solutions. 

ae Normative imMptiicactonnon che Model 

Presentation wili now be made of a point of manage- 
ment interest which may be implied from the conceptualiza- 
muon Ore the model. This topic relates to the use of the 
appropriate variable costs as inputs to the decision model. 
ierislewinethtis context refers to the costs which are 
Se wetoveGrcirecely Wach production. Stated simply, the 
principles underlying the model lead one to the conclusion 


piatwechemececonomically correct totality of costs for 
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Saar e Nou retlectred in the DMA's billing of their 
customers. 

IMnOiuomcascc Ol ebolal irepair COSts, current policy 
dictates that these expenses be divided into "direct costs" 
Seem sudirect costs.” Indirect costs consist of military 
labor and a certain category of supply items referred to 
as ASA materials. As reflected by Figure 2, the Industrial 
memo flow chart, the indirect charges are not billed to 
Che customer. On an individual item basis, this practice 
prevents an economically meaningful comparison to be made 
between repair at the DMA's and repair at the alternate 
Paewertices, Additionally, when collective costs are con- 
meoemed JO0r all production processes at the several 
cieetetos., 1b 1S obvious that exclusion of the indirect 
eeoucewil! tead to a much lower total production cost than 
fieenmeuMcse COStS are included. This means that, z' « gz, 
Seemeuhay the "optimal" total cost of production will 
be much less when indirect costs are not included in the 
objective con To indicate how yee costs vary, 
several examples for the 1968 fiscal year at Albany are 
listed below. These repair costs, extracted from the 
DEPOT MAINTENANCE ACTIVITY MANAGEMENT REPORT Gea one 30 
September 1969, reflect actual average cost of repair per 
unit and are presented in Table V. If a sound economic 
analysis is to be made of the total production system, all 
Womitaowle "Osts, including Padres Coous. would have vo be 
considered. Hence, model parameters should reflect these 


aggregate costs. 
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TABLE V 


AVERAGE COST OF REPAIR PER UNIT FOR CERTAIN MARINE CORPS 
LINE ITEMS OF EQUIPMENT, DURING THE 1968 FISCAL YEAR 
Al THE DEPOT MAIN PENANCE ACTIVITY, ALBANY, GEORGIA 





— 


REPAIR LITEM TOTAL FUNDED COST OTHER COSTS AOE 
NOMENCLATURE (CHARGED TO CUSTOMER) (NOT CHARGED) COST 


Truck Dump $4 808 Sy Hes Domo nS 


M-51 

Generator Set $4,906 $ 604 $5,510 
PU-590M 

Fork Lift $4 627 $1283 $5,910 
3000 lb. 
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V. SUMMARY AND CONCLUSIONS 


times models structured in the thesis are presented as 
mathematical tools to aid management in the decision making 
Beeeeess, However they play an even more basic and important 
role. This is because in model formulation a logical frame- 
work is developed in which a scientific methodology may be 
applied to decision making. One is forced to consider the 
Dounds, resources, and constraints of the problem. The 
requirement for model parameters point out the need for 
management informatiom, and causes research to be done on 
data sources and their validity. Finally the model clearly 
iicdneaves the need for concise and well-defined objectives 
mame planning of operations for an organization. This is 
one of the greatest merits of scientific models. 

Obviously the models developed do not take under con- 
sideration all relevant topics of management interest. 
Specifically, problems of inventory control and production 
scheduling were not addressed in the model. However it was 
suggested that the model could be used to develop a dialogue 
between the central headquarters and the production facili- 
ties to consider these items. Utilized in this way, the 
models developed have the inherent responsiveness to give 
meaningful guidance to management. 

The possibility of model implementation opens a whole 
new field of concern. Feasibility studies would have to be 


carried out for each new organization considered. It would 
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mempcecssary tO weigh the anticipated benefits from the 
Semen arainst the cost of developing and operating it. In 
f@iemecese OL the model structured for the Marine Corps, the 
benefits of the production plans and other decision making 
information would have to be economically compared to the 
expense of implementation and operation. Systems design 
Teo iardware, and personnel are only a few of the areas in 
Which costs would have to Mea nciacred. HOGataOn adel ye alu 
memevrgent Chat it might be quite difficult to economically 
Quantify the benefits derived from the model to make objec- 
tive comparisons. 

Mention should be made of the possible further utili- 
Zation of the maximization of effectiveness model. It wiil 
be remembered that this formulization was abandoned when 
mien Phculpies 1n Quantifying utility measures were 
encountered. Many of the problems associated with this 
model would be eliminated if the decision environment was 
one where the monetary unit of exchange was the utility 
measure, This clearly points towards the consideration of 
the problem in a more competitive situation than is available 
in the constrained economic surroundings of the agency. 
This would require the establishment of a market Via LUC y 1O1 
items to be produced or repaired. Conceivably for certain 
¢lasses of items, this could be done. These would be items 
which were being produced by several different industrial 
firms and which could be depreciated over time using Indus- 


trial Engineering principles. Electronics equipment, motor 
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transport, and engineering equipment could be examples. 
However, the establishment of market values for such items 
as attack aircraft and artillery could be much more 

Cir cicult. 

The notions developed in this thesis provide a broad 
fTOundation for further study. Recommended topics for 
additional consideration are the detailed development of a 
Management information system to support the model, the 
formulation of the model for other real world problems 
such as the planning of the maintenance program for Naval 
Aviation, and the development of additional statistical 
analysis techniques to support parameter estimation for the 
Megdemm Cercainly this is not a comprehensive list, but it 


does indicate the scope of possible future study. 
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